Abstract. BACKGROUND: Current research has shown that exercise induces an increase in spinal range of motion (ROM) which is primarily due to spinal creep. However, there is a lack of consensus regarding the cause of spinal creep; some believe it is due to the warm up effect of exercise while others believe it is the result of the position of the lumbar spine during the exercise. AIM: The aim of this prospective study is to investigate first whether a change in lumbar spine ROM is seen following exercise and second whether a greater change in ROM is seen following a fatiguing protocol in a seated position or in an upright position. METHODS: Fifteen healthy individuals aged between 18 and 35 years volunteered to participate in the study. Range of motion was assessed with an electro-goniometer prior to and following two exercise tests which lasted for a period of nine minutes each. Submaximal protocols for the treadmill and bicycle were used. RESULTS: No significant change in lumbar spine ROM was detected following the bicycle test (p = 0.301) or the treadmill test (p = 0.132) implying that the warm up effect of exercise has little impact on lumbar spine ROM. Likewise, no significant difference was seen in the changes following exercise on the bicycle and the treadmill, implying that position also has little effect on ROM. CONCLUSION: The findings of this study contradict those of previous research where an increase in lumbar spine ROM was seen following exercise. Further research using a large scale, heterogeneous cohort is needed to further determine the effects of exercise on lumbar spine ROM.
Introduction
with a lifetime prevalence of 90% [1, 2] . It is well docu-4 mented that repetitive loading of the lumbar spine con-5 tributes to the development of low back pain [3] . ing of the lumbar spine through a combination of com- can place individuals at a higher risk of developing 10 LBP. An epidemiological study found a positive corre-11 lation between agricultural and construction workers, 12 who regularly adopt a flexed posture, and the presence 13 of LBP [4] .
14 Likewise many sporting activities require repetitive 15 movements of flexion, hyperextension and torsion such 16 as rowing, gymnastics and cycling. With sustained 17 loading of the spine in these positions creep can occur. 18 Wilson et al. found that lumbar spine flexion ROM in-19 creased significantly (4.4 • ± 0.9 • ) in 19 male rowers 20 following an ergometer trial where participants were 21 subject to repeated flexion [5] . Similarly, Sanchez et al. 22 reported a significant increase in lumbar spine flexion 23 (2.3
• ± 2.5
• ) in 15 healthy volunteers who maintained 24 a flexed sitting position for one hour [6] . 20 minutes of rest resulted in the musculature recover-ing only 50% of their pre creep magnitude [10] . In this 48 vulnerable recovery period the spine is more prone to 49 injury. The proposed effects of creep are summarised 50 in Fig. 1 .
51
While some authors suggest that creep is due to the 52 position of the spine during the activity, others propose 53 it is a result of the 'warm up' effect of exercise. Ensink 54 et al. stated that: "The warming up of muscles results 55 in a change in the structure of the disc; diffusion of 56 fluid out of the nucleus pulposus, leading to a decrease 57 in tension of the anterior and posterior ligaments and 58 muscles, resulting in an increased lumbar ROM" [11] .
59
Knowledge regarding the cause of creep would be 60 of great value considering aerobic exercise has been 61 shown to be an important element in the treatment of 62 LBP [2] . Exercising in a way that induces the least 63 amount of spinal creep would be preferable to limit the 64 risk of further damage to the spine. Age and anthropometric data for all subjects (n = 15). SD = Standard Deviation, kg = kilogrammes, kg/m 2 = kilogrammes per meter squared, BMI = body mass index, BPAQ = Baecke Physical Activity Questionnaire.
A total of 16 subjects volunteered to participate in 112 the study. Of the initial 16 participants recruited only 113 15 (6 female, 9 male) completed the study. One partic-114 ipant withdrew due to an acquired musculoskeletal in-115 jury. Descriptive data for the remaining 15 participants 116 are summarised in Range of motion was assessed pre and post exercise 174 testing. Standardised verbal cues were given to each 175 participant, 'Bend down to touch your toes and keep 176 your knees straight.' This position was held for three 177 seconds while a reading was taken from the electro 178 goniometer. The procedure was repeated three times, 179 each range was recorded and the mean was used for 180 statistical analysis (Fig. 2) . The end blocks were re-181 positioned into place if they had moved during the 182 exercise. The electro-goniometer was zeroed between 183 each participant. 
Intervention

185
The intervention was designed so that each partic-186 ipant performed two sub-maximal exercise tests; one 187 in a seated position (stationary bicycle ergometer) and 188 one on a treadmill (Fig. 3) 
Results
236
The mean values for ROM prior to and following 237 both fatiguing protocols are given in Table 4 . A paired 238 student t-test showed that the change in ROM (pre-test 239 compared with post-test) following the PWC 170 pro-240 tocol was a small mean increase of 2.1
• which was 241 not significant (p = 0.3). Similarly, a small change in 242 ROM was seen following the Modified Bruce protocol 243 of 3.2
• but this was not statistically significant (p = 244 0.1).
245
When the mean change in ROM following the PWC-246 170 was compared with the Bruce protocol (sum-247 marised in Table 5 ) there was no significant differences 248 in lumbar ROM changes between the testing protocols 249 (p = 0.7).
250
Participants had varying responses to the exercise 251 protocols; seven out of fifteen participants showed an 252 increase in ROM following one exercise protocol but 253 a decreased following the other. Only six participants 254 showed an increase in ROM following both exercise 255 
Discussion
259
The aim of the study was to investigate the mode of Likewise, a non-significant change in ROM was 294 seen following the submaximal treadmill test (p = 295 0.1). These results contradict White et al. who found 296 that running for a distance of nine miles significantly 297 decreased vertebral column height and increased lum-298 bar spine ROM [22] . The authors stated that dur-299 ing running there is significant compressive pressure 300 placed on the spine as force is transmitted through the 301 lower extremities, pelvis and to the vertebra. The repet-302 itive and compressive axial load placed on the disks 303 can cause water to extrude from the nucleus pulposus 304 resulting in a loss in disk height. The loss in disk height 305 increases intervertebral joint laxity resulting in an in-306 crease in ROM. These effects are not directly compa-307 rable with the present study as participants exercised 308 for a different length of time (9 minutes versus 59 min-309 utes).
310
More recently, the effect of cycling was com-311 pared with walking regarding spinal shrinkage. Results 312 showed greater creep during walking than cycling, 313 (−7.9 mm and −3.7 mm respectively) [23] . While the 314 change in ROM in the present study did not meet sta-315 tistical significance there was a trend towards a larger 316 increase in ROM following the treadmill test which is 317 in agreement with the findings of White et al. [22] and 318 van Deursen et al. [23] .
319
There are several limitations to this study that could 320 have potentially affected the results. The interpretation 321 of the results is limited to undergraduate physiother-322 apy students who were deemed physically fit accord-323 ing to the Baecke Physical Activity Questionnaire and 324 thus do not conform to the demographics of a usual 325 population. The majority (n = 14) of participants were 326 within the age bracket of 20-30 years which has been 327 shown to have an effect on creep rate. It was noted that 328 the young and those with mild degenerative changes 329 in the intervertebral disks will lose less height during 330 exercise due to the higher water content of the nu-331 cleus populous and the better compression ability of 332 the disks [25] . Busscher 
